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Jet suppression of light and heavy flavor observables is considered to be an excellent tool to study
the properties of QCD matter created in ultra-relativistic heavy ion collisions. We calculate the
suppression patterns of light hadrons, D mesons, non-photonic single electrons and non-prompt
J/ψ in Pb+Pb collisions at LHC. We use a theoretical formalism that takes into account finite
size dynamical QCD medium with finite magnetic mass effects and running coupling, which is
integrated into a numerical procedure that uses no free parameters in model testing. We obtain
a good agreement with the experimental results across different experiments/particle species. Our
results show that the developed theoretical formalism can robustly explain suppression data in ultra
relativistic heavy ion collisions, which strongly suggests that pQCD in Quark-Gluon Plasma is able
to provide a reasonable description of the underlying jet physics at LHC.
PACS numbers: 12.38.Mh; 24.85.+p; 25.75.-q
INTRODUCTION
A major goal of RHIC and LHC experiments is to un-
derstand properties of a QCD medium created in ultra-
relativistic heavy ion collisions. A powerful tool to map
properties of such medium is to compare jet suppres-
sion [1] measurements with the corresponding theoreti-
cal predictions [2–4]. Such predictions require accurate
computations of jet energy loss, since the suppression is
the consequence of the energy loss of high energy partons
that move through the plasma [5–8]. In [9, 10], we de-
veloped a theoretical formalism for the calculation of the
first order in opacity radiative energy loss in a realistic fi-
nite size dynamical QCDmedium, which we subsequently
generalized to the case of finite magnetic mass in [11].
These studies, together with the calculations of the col-
lisional energy loss is a finite size QCD medium that we
previously developed [12], provide reliable framework for
energy loss computation in Quark-Gluon Plasma (QGP).
We here extend this formalism to running coupling
and integrate it in a numerical procedure that can gen-
erate state of the art predictions for LHC experimental
measurements. The numerical procedure includes multi-
gluon fluctuations [13], path length fluctuations [14] and
most up-to-date jet production [15, 16] and fragmenta-
tion functions [17]. Our strategy is to generate predic-
tions for a diverse set of experimental probes, for which
experimental data are available at LHC, in order to com-
prehensively test our understanding of QCD matter cre-
ated in these collisions. Specifically, we will generate sup-
pression predictions for light hadrons, D mesons, non-
photonic single electrons and non-prompt J/ψ in most
central 2.76 TeV Pb+Pb collisions at LHC. These predic-
tions will be generated under the same numerical frame-
work, by using the same set of parameters and with no
free parameters used in model testing. Comparison of
such predictions with the experimental measurements al-
lows testing to what extent pQCD calculations in QGP
can explain the underlying jet physics at LHC.
THEORETICAL FRAMEWORK
We use the generic pQCD convolution in order to cal-
culate the quenched spectra of partons, hadrons, elec-
trons and J/ψ:
Efd
3σ
dp3f
=
Eid
3σ(Q)
dp3i
⊗ P (Ei → Ef )
⊗ D(Q→ HQ)⊗ f(HQ → e, J/ψ). (1)
In the equation aboveQ denotes quarks and gluons, while
the terms in the equation correspond to the following:
i) Eid
3σ(Q)/dp3i denotes the initial quark spectrum,
which is computed at next to leading order, according
to [15, 18] for charm and bottom quarks and according
to [16] for gluons and light quarks.
ii) P (Ei → Ef ) is the energy loss probability, which
is generalized to include both radiative and collisional
energy loss in a realistic finite size dynamical QCD
medium, as well as multi-gluon [13] and path-length fluc-
tuations [14]; the path-length distributions for 0 − 5%
most central collisions are used as described in [19]. Note
that path-length distribution is the same for all jet vari-
eties, since it corresponds to a geometric quantity.
iii)D(Q→ HQ) is the fragmentation function of quark or
gluonQ to hadronHQ, where for light hadrons, D mesons
and B mesons we use, respectively, DSS [17], BCFY [20]
and KLP [21] fragmentation functions.
iv) For heavy quarks, we also have the decay of hadron
HQ into single electrons or J/ψ, which is represented
by the functions f(HQ → e, J/ψ). The decays of D,
B mesons to non-photonic single electrons, and decays
2of B mesons to non-prompt J/ψ are obtained according
to [15].
Furthermore, in the calculations of jet suppression, we
use the following assumptions:
i) The final quenched energy Ef is sufficiently large, so
that we can employ the Eikonal approximation.
ii) The jet to hadron fragmentation functions are the
same for e+e− and Pb+Pb collisions, which is expected
to be valid in a deconfined QCD medium.
iii) We can separately treat radiative and collisional en-
ergy loss, so that we first calculate how quark and gluon
spectrums change due to radiative energy loss, and then
due to collisional energy loss. This approximation is rea-
sonable as long as the radiative and collisional energy
losses are sufficiently small (as assumed by soft-gluon,
soft-rescattering approximation, which is employed in all
energy loss calculations so far), and when collisional and
radiative energy loss processes are decoupled from each
other (as follows from HTL approach [32] that is used in
our energy loss calculations [9–12]).
Numerical method for including multi gluon fluctua-
tions in the radiative energy loss probability is presented
in Refs. [22, 23]. We recently generalized the proce-
dure [24] to include the radiative energy loss in finite
size dynamical QCD medium [9, 10], as well as finite
magnetic mass effects [11]. Specifically, the gluon radi-
ation spectrum is extracted from Eq. (10) in [11]. We
furthermore approximate the full fluctuation spectrum in
collisional energy loss probability by a Gaussian with a
mean determined by the average energy loss and the vari-
ance determined by σ2coll = 2T 〈∆Ecoll(p⊥, L)〉 [14, 25];
here, ∆Ecoll(p⊥, L) is extracted from Eq. (14) in [12],
while T , p⊥ and L are, respectively, the temperature of
the medium, the initial jet momentum and the length of
the medium traveled by the jet.
We further extend this formalism by introducing the
running coupling in the following way: In the radiative
energy loss case, the coupling appears through the term
µ2E α
2
S [11]. This can be factorized as µ
2
E αS(Q
2
v)αS(Q
2
k),
where the first αS corresponds to the interaction between
the jet and the virtual (exchanged) gluon, while the sec-
ond αS corresponds to the interaction between the jet
and the radiated gluon (see [9]). For the running cou-
pling, Debye mass µE is obtained by self-consistently
solving the following equation [26]:
µ2E
Λ2QCD
ln
(
µ2E
Λ2QCD
)
=
1 + nf/6
11− 2/3nf
(
4piT
ΛQCD
)2
, (2)
where ΛQCD is perturbative QCD scale, and nf is num-
ber of the effective degrees of freedom. Running coupling
αS(Q
2) is defined as [27]
αS(Q
2) =
4pi
(11− 2/3nf) ln(Q2/Λ2QCD)
. (3)
To obtain αS(Q
2
v), note that Q
2
v = E T [28], where E
is the energy of the jet. Similarly, to obtain αS(Q
2
k),
note that the off-shellness of the jet prior to the gluon
radiation Q2k =
k
2
+M2x2+m2
g
x
[9], where k is transverse
momentum of the radiated gluon, M is the jet mass, x
is the longitudinal momentum fraction of the jet carried
away by the emitted gluon, and mg = µE/
√
2 is the
effective mass for gluons with hard momenta k & T [29].
Note that, as introduced above, αS(Q
2
k, v) are infrared
safe (and moreover of a moderate value), so there is no
need to introduce a cut-off in αS(Q
2), as is usually done
with running coupling elsewhere (see e.g. [30, 31]).
In the collisional energy loss case, the coupling appears
through the term α2S [12], which can be factorized as
αS(µ
2
E)αS(Q
2
v) [28], with αS(Q
2) given by Eq. (3).
NUMERICAL RESULTS
We here show our suppression predictions for light
and heavy flavor observables in central 2.76 TeV Pb+Pb
collisions at LHC. The following parameters are used
in the numerical calculations: QGP of temperature
T =304MeV (as determined by ALICE, see Ref. [33])
with effective light quark flavors nf =2.5, and perturba-
tive QCD scale of ΛQCD = 0.2 GeV. The light quark
mass is assumed to dominated by the thermal mass
M =µE/
√
6, where Debye mass µE ≈ 0.9 GeV is ob-
tained by self-consistently solving Eq. (2). The val-
ues for the magnetic mass µM are taken in the range
0.4µE < µM < 0.6µE [34, 35]; the gluon mass is
mg = µE/
√
2 [29], while the charm and the bottom
mass are, respectively, M =1.2GeV and M =4.75GeV.
Path-length distribution, parton production, fragmenta-
tion functions and decays, which are used in the numer-
ical calculations, are specified in the previous section.
The panel in Figure 1 shows momentum dependence
of RAA for light flavor observables, i.e. charged hadrons,
pions and kaons at LHC. The predictions are compared
with the relevant ALICE [36, 37] and CMS [38] exper-
imental data in central 2.76 TeV Pb+Pb collisions at
LHC. The panel in Figure 2 shows momentum depen-
dence of RAA for heavy flavor observables, i.e. D mesons,
non-photonic single electrons and non-prompt J/ψ at
LHC; here, the predictions are also compared with the
corresponding ALICE [39, 40] and CMS [41] experimen-
tal data at 2.76 TeV Pb+Pb collisions at LHC.
For all six observables shown in Figs. 1 and 2, we see a
very good agreement between the predictions and the
experimental data. The left panel in Fig. 1 (charged
hadrons) shows an excellent agreement with ALICE
data [36] (the red circles), and a somewhat worse agree-
ment with CMS data [38] (the blue squares), since CMS
charged hadron RAA is systematically somewhat above
the corresponding ALICE RAA. Both the central and
3FIG. 1: Theory vs. experimental data for momentum dependence of light flavor RAA. The left panel shows the
comparison of light hadron suppression predictions with experimentally measured RAA for charged particles. The red circles
and the blue squares, respectively, correspond to ALICE [36] and CMS [38] experimental data. The central panel shows the
comparison of pion suppression predictions with preliminary pi± ALICE [37] RAA data (the red rhomboids), while the right
panel shows the comparison of kaon suppression predictions with preliminary K± RAA ALICE data [37] (the red triangles).
All the data correspond to 0-5% central 2.76 TeV Pb+Pb collisions. On each panel, the gray region corresponds to the case
where 0.4 < µM/µE < 0.6, with the upper (lower) boundary of each band that corresponds to µM/µE = 0.4 (µM/µE = 0.6).
FIG. 2: Theory vs. experimental data for momentum dependence of heavy flavor RAA. The left panel shows the
comparison of D meson suppression predictions with D meson RAA ALICE preliminary data [39] (the red triangles) in 0-5%
central 2.76 TeV Pb+Pb collisions. The central panel shows the comparison of non-photonic single electron suppression with
the corresponding ALICE preliminary data [40] (the green circles) in 0-10% central 2.76 TeV Pb+Pb collisions. The right panel
shows the comparison of J/ψ suppression predictions with the preliminary non-prompt J/ψ RAA CMS data [41] (the orange
stars) in 0-100% 2.76 TeV Pb+Pb collisions. The gray region on each panel is as defined in Fig. 1.
the right panel show excellent agreement between the
theoretical predictions and preliminary ALICE pion and
kaon RAA data [37]; note that these predictions repro-
duce a fine qualitative resolution between pion and kaon
RAA data, i.e. the fact that observed kaon suppression
is systematically somewhat larger compared to the pion
suppression. For the heavy flavor measurements, predic-
tions for D meson data (the left panel in Fig. 2 ) show a
similarly good agreement with the available experimental
ALICE preliminary data [39]. Though the preliminary
non-photonic single electron data [40] are quite noisy (the
central panel in Fig. 2), there is a very good agreement
with the corresponding theoretical predictions; further
reduction of the error bars is needed for a clearer compar-
ison. Finally, we also see a good agreement between the
theoretical predictions and CMS preliminary non-prompt
J/ψ data [41] (the right panel in Fig. 2), except for the
last data point, for which the error bars are very large.
Regarding J/ψ data, one should here note that our pre-
dictions (which are done for the central collisions) are
compared with the available 0-100% centrality measure-
ments; the change in the centrality is expected to increase
the suppression compared to the results presented here,
though based on [41], we expect that the increase will
4CONCLUSIONS
A major theoretical goal in relativistic heavy ion
physics is to develop a theoretical framework that is able
to consistently explain both light and heavy flavor exper-
imental data. We here presented suppression calculations
for light and heavy flavor observables, by taking into ac-
count finite size dynamical QCD medium with magnetic
mass effects and running coupling taken into account. We
generated predictions for six independent observables,
i.e. light hadrons, D mesons, non-photonic single elec-
trons and non-prompt J/ψ, for which experimental mea-
surements at LHC are available. To our knowledge, a
suppression predictions for such a diverse set of probes,
generated by the same theory, within the same numeri-
cal procedure/parameter set, were not provided before.
Furthermore, no free parameters were used in the model
testing, i.e. the parameter values were fixed in advance
according to the standard literature values. Comparing
these predictions with the available experimental data
shows a robust agreement across the whole set of probes.
Such agreement, together with our previous study ad-
dressing the heavy flavor puzzle at RHIC [24], indicates
that the developed theoretical formalism can realistically
model the QCD matter created in ultra-relativistic heavy
ion collisions, and that pQCD in Quark-Gluon Plasma is
able to describe the underlying jet physics at LHC.
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